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Apertured item mfr. - involves using limiting punches for further 
cold plastic deformation, applying specified force 
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The apeituxed item mfg. process comprises using external limiting 
punches (1) and internal haideninp punches (3) to fonn two concentric 
imprints in the time (2). The in^nnts aie of different depth and 
cioss-section shape. They are at a certain distance from each ether. 
The force retired finom the punches is calculated The removal of the 
imprints, their depth and the prcssing-in force of the punches are 
linked by a specified formula. 

By calculation or experiment, those apertures are determined in the 
zone of which it is advisable to harden to increase durability. The 
apertures are marked out on the structural elements (2), and the 
indentation are made in the usual way, firsdy by tte limiting punch (1) 
with its rigid power lock in the aid position, arid tfien by the 
hardening pundi (3). The axis of the aperture should conincide with 
the axes of the punches. In removing the impiints, the max. level of 
residual conqnession stresses in the peak zone for stresses in use 



should be left There should be a high level of propagation of the 
'conmressions stresses in the zone of slow development of fatigue 
cracks. 

USE/ADVANTAGE • For pressure treatment of structural items with 
apertures. Greater durability is ensured. 
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npuBOAMT K aaMCA'ieHiiK) ckopoctm pocra ipe- 
IXX\AH B AaHHoPi oS/iacTM. 

YKaaaHHaw Ha4>Mr.3 noc/ieAOBaie/ibHocTb 
Bbino/iHeHM« oTnenaTKOB c npuMCHeHneM >Ke- 
CTKOvt CM/iOBOi^ <j)MKcai4iiM orpaHMMMBaK)U4ero 
nyaHCOMa no3.1, MMewu^ero KO/ibueBOii bw- 
ciyn; BHeAPeHHWft a ynpoMHfleMWft Maiepna/i 
no3.2 o5ecneMMBaeT ero o6beMHyK) Ae<J)opMa- 
UMio B aoHe OTBepcTMfl M BOKpyr Hero npn 
BHeAP^HMwi ynpoHHfliomero nyaHCOHa nba.G. 
HaBeAeHne ocraTOMHWx okhmbioiamx Hanpn- 
MBHVii^ B ycnoBMflx o6beMHO-Ae<l>opMMpoBaH- 
Horo cocTOflHMw Maiepna/ia npuBOAWT k 
/Be/iMHeHMK) cJ)aKTMMecKoro npeAena leKyMe- 
CTM Marepwa/ia m no3BO/i«eT noBWCHTb ypo- 
BCHb ocTaroMHwx OKMMaiomvix Hanp«>KeHMM 
AO Be/iMMMHw npeAe^a TeKynecTM [ai) no Bcec^ 

30He, OrpaHMMeHHOt* BHeUIHUM KO/lbUCBblM OT- 
neMBTKOM. ripH 3T0M l1CK/1K)MaeTC« B03M0>K- 
HOCTb B03HV1KH0BeHM« TCX HO/IOTHMeCKHX 

TpetUMH npn BunonHeHMM BHyrpeHHero ynpOM- 
Hfliomero orneMaTKB. 

Ha <t)Mr.4 noKaaaH bma ynpoHHeHHOro or- 
BcpcTMfl noc/ie ero OKOHMare/ibHoro MsroroB- 

Cfiocoe ocyu^ecTB/ifleTCfl cneAyioiMMM o6- 
paaoM. 

PaCMBTHblM mVi SKCnepMMeHTa/lbHtilM mb- 
TOAOM OnpeACnfllOTCB OTBepCTMfl, B 30He KOTO- 

pbtx c ue/ibK) noBbiuieHMfl pecypca 
uenecooOpasHO npoBecin ynpOHHeHwe. Ha 
KOHCTpyxTMBHwx a/ieMBHTax npoBOAMTCR paa- 

MCTKB OTBepCTMl^ M MBBeCTHUMM MBTOAaMM 

ocyiuecTBnneTCR BAdB/iMBBHiie CHanana orpa- 
HMMMBaKSUi^ero nyaHCOHa c ero HcecTKOf^ cmo- 
BO^ (t>iiKcauvie(^ B KOHBMHOM nono>KeHMM. a 
aareM ynpoMHAioiuerb nyaHCOHa. npuMCM ocb 

HBMeMeHHOrO OTBepCTVIff AO/DKHB COBRaAdTb C 
OPRMM nyaHCOHOB. 

npouecc ocBo6o)icAeHMfl ynpoHHneMO^ 
AeTBfiM Bbino/iHRioT B o6paTHoA noc/iBAOBa- 

TeHbHOCTM. 

tlpM onpeAeiieHMM y^anenm OTneMarxoB 
yMHTUBBiOTCA cueAytoiMne (t>aKTopbi: aoctm^kb- 
Hiie MaKCMManbHoro ypoBHH octbtomhux c)km- 
MdiotuMx HanpnxeHMft b 30He nviKd 
aKcnnyaTBUiiOHHbix Hanpn)KeHii(), BbiBBBHHO- 
ro Ha/iwiHkieM KOHueHTparopa Hanpfl)KeHMi^; 
pacnpoctpaHeHMB Bucoicoro ypoBHA octbtom- 

HUX OKHMdlOtUMX HdnpSDKeHMA B SOHC MBA^ 

neHHoro paaanTvifl ycTanocTHOft tpbimmhu. 

YpoBBHb aKcn/iyaraunoHHux Hanpfl>Ke- 
Htij^ Aei^CTByioiuiix B HenocpBACTBeHHOi^ 6/111- 

30CTM OT KOHUBHTpaTOpa HanpflXCBHllfl 

xapaKTepiiayeTcsi reopeTimecKMM K03<t)(t»^ui^'' 
BHTOM KOHueHTpauMM {odj, onpeAe/ifleMbiM ot- 

HOlUBHUeM: 

^ tJmax 



TAB CTmax. Ohom " MBKCMMa/lbHOe M HOMMHB/lb- 

Hoe HanpflXBHue cooTBercTBeHHO. 

CymecTBeHHoe sHaMBHue na jxanroBe^- 
HOCTb KOHCTpyKTMBHoro 3/ieMeHTa oKaawBaer 
5 TaK)Ke n rpaAneHT Hanpn)KeHMM xapaKTepnay- 
lOiAMM QwcTpojy CHM>KeHMB ABi^CTBytoiUMX Ha- 
npq)KeHM« no Mepe yAa/ieHM« or 
•KOHUBHTpaTopa. AHa/iM3 Benmv\HU v\ sohu 
ABMCTBi/ifl noBbiuieHHbix Hanpn)KeHM(^ BbrBsaH- 

10 HblX KOHUeHTparopOM B BHAS OTBepCTM« nOKB- 
ablBBBT, WTO Be/1bim<1Ha MBKCHManbHblX 

Hanp5i>KeHii(i cocTaa/i^ieT (2,5-3) Ohom, a aoHa 

MX Ae^CTBMfl OnpeAB/inBTCfl BeiWAHUHOi^ 1,5 / 
MM. 

15 CTarncTvmecKMM aHa/ins KHHeiviMecKOCi Anar- 
paMMbi paapyujeHvifl npn /iviHeiiHo-KycoMHoPi 
annpoKCMMBUViM <t>yHKUiii^ ckopoctm poctb 

TpemMHU nOKBBblBaeT, MTO MO>KHO npMHflTb 

c/ieAyK}LUvie Ai^anaaoHbi: 

20 ^ K 

m npn 0 < 1^ < 0,35 

m =«4,5 0,356 <i^< 0.5 1 

25 m>9 0,5<i^<1,0 

rAe m M c - xapaKTepucTiiKM MBTepna/ia; 
m - napaMBTp xapaKTepnayjoiMnw mhtbh- 

Cl^BHOCTb BOapaCTaHMA CKOPOCTH pa3Bt4TMfl 

30 TpeiAMH npM MdMeHBHMn; 

K - K03<t)4>MUMeHT HHTBHCMBHOCTM HBnpSI- 

K=av5rT 

35 

rAC I - no/iyArtMHa TpeiuwHw; 

a- AB^^CTByjomee Hanpfl>KBHM6. 

yMMTblBB^I, MTO HBpMOA pa3BMTM« TpBlAM" 
K 

Kw B AMana3OHe-j^=0-0,5cocTaB/iqeT80-90% 

06iUeA A/IVITB/lbHOCTM pOCTa TpeiUMHbl (APT), 
HBT CMblCna <t>OpMMpOBaTb 30Hy OCTBTOMHblX 

cxcviMaK)iuvix Hanp«>KeHi/i(?i BbixoAniuyio 3a 
paMKM 3Toro ycnOBMfl, T.e. yAaneHne OTneMaT- 
45 KOB (!). Apyr OT Apyra onpBAB/iqeTcn npn yc/io- 
BMM K = 0,5 Kc. 

A/19 ynpomBHMW pacMBTOB 3Kcn/iyaTauvi- 

OHHbtii CRBKTp 06UMH0 npi/IB0A»T K ypOBHK) 

ManpnxeHvif) 

50 

rAB o*' - pacMBTHoe HanpA)KeHMB, onpeABnne- 

gg MOB C yMBTOM K03<))4>imMBHTB MyBCTBMTB/lbHO- 

CTM MaTBpMB/ia K HBApeay (a). 

a = ^ 0.8-1.0 
AHa/1113 xpviBbix ycTa/iocTi4 noKaabioGeT, 

MTO OAMHBKOBafl AO/irOBBMHOCTb HeynpOMHCH- 



MM n/jacnmecKoro fle«|,opMMpoBaHM« npn yc 
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0««y"P-. (0.75-0.85) 0>^P 

"P^^"""^ 3<t)4)eKTMBHbl<» ypQ- 

HOM 30He cocTaBfljieT 0.75-0.85 yooBHA 
HOMMHa/JbHUX HanpHxceHMfl. 

VMHTbiBaji BuwemnoAieHHoe. MMeeM: 



0.5Kc = 0.5 • 0,8 • 0.85ob v^tTT 



OTKy/^a 



I = 0.64 ^ 



TsK KSK cooTHoiueHne Kc/ae y coepeMeHHtix 
cn/,aBOB „axoflMTc« b HHTepaane a.o!^ 5 pa"- 
Mep I HaxoflMTc« B HHTepBa/,e 6-14 mm 

PacMeTHwe AaHHue noflTBepxcaaiOTCfl 
3Kcnep.MeHTa/,.„uMM. r^e nnocm^acll^ 

yCTa/lOCTHOfi 30Hbl M3;iOMa. Xap8KTeDM3vra- 

KaJ^n^J^ P"'" ^ cocTaB/,HeT 3-5 mm b 
pasMep 2P.C y^eTOM lore cocTaB/,«eT 12-?6 mm 

neMarKOB ^pyr or Apyra peKOMeHflySJc, nS- 
HMMaib B AnanaaoHe I -(0.8-1.5)DoTe 

1 fly6MHaorpaHMmiBaK)mero OTneMarica (M 

nSaair^'r ^""P"^"" ^ PaAManlnoM Ha- 
npaBfleHMw c oflHoapeMeHHUM coxpaHeHneM 

flOCTaTOMHblX npOMHOCTH«X XapaKTepMCTMK 

npMHUMaeTcs, b HHTepBa^e (0.05-0 15?S a 

BaT«n,M ceHeHM«Ao«x<Ha co3Aa 

earb bosmoxcho MeHbiuy© KOHueHTpaqMK) „a- 

ryiyewHa m <j)opMa ynpoHHaKJinero orne- 

ro paaHOMepHoro Bb.TecHeHM« MarepMa.a b 
paflnaflbHOM Hanpae/ieHMM M npuHMMaexc- 
r/.y6MHa B MHTepBane (0.3-0.5)5. loZT- l- 

ycnoBneM. onpeflenaiomMM cwny ne«cT- 
eyjomyK, Ha orpaHMHv,BaK,u,M« nSoH S- 
""ercfl aarpyaxa BHyTpeHHe/n/,omal„ 
KOHTaxra aroro nyaHcona, orpaHMMeHHSS 
KO^buesMM BUcrynoM. HanppxceHM^M. npe 

eMoro Marepna/ia Ha 20-25'*: 
rapaHTupoBaHHoro coxpaHeHMp raGapmol 

C«|.0pMMp08aHH0« 36HU yopOMHeHMfl. rfp'L 8«- 



TecHeHMM MaiepMa/ia ynpoMHSKJuinMM . 

aflasaTb HanppxeHMa. npeewtuaiouiM 
aHa/,orn4Hy«, Be/iMMMwy BumeyKa^aS 
5 ero rapBHTMpoBaHHoro BHeflpeHMp "a 3^ 
HyK) r/,y6M„y. Hcxofl« m3 aroro yen/' 
orpaHMH^,BaK,mM« m ynpoHH«K)mM« nyanc 
onpeflen«,K)TC« no <t)opMy/iaM- 

Po = {1.2-1.5)?roK(2-o.25Dor»2) 
10 Py = (0.35-0.6);rarDo;e2°''"^ 
W I - paccTOPHMe Mexcfly uenrpaMn orne 

Dora - flMaMCTp OTBepCTMJI 

15 aHTunnr®""® npMMepa paccMorpMM ei 

BT20 TOflUJMHOfl 4 MM. 

- 85"inn''f'' "/"^ BT20xapaKTepMCT 
Or - 85-100 kp/mm^ CooTHOiueHMe nana*, 
POB orneMaxKOB m ycM««« onpefle/eH« no 

HHeM Meflywmux K03(D,|>MMMeHT0B; 
.-1.3Pore = 1.3- 10 =13 MM 
Ko34><t)MMMeHT 1.3 Bbi6paH no c/ieiiyK)uj 
coo6pax<eHMflM: rax xax CBo6oflHu(i 
25 Ta.M yflaneH or ynpowH«eMoro OTBepcrr - 

AM M no3Bo/ineT yBenmmh 3ohv ocTarnuu, 

30 bSkmmm rtJT^"^^' "«Tep«a/.OB 
obicoKHMM Or He pexoMeHflyercfl nnnMPHo 

„ J« * ^™ ^P«6yeT 6o/ibujMx ycJI 

so3.e«crB., 

3c ^ ""'^ "'1 4 = 0.4 MM 

B nepBOM npiiennxceHiiM pexoMeHaverro nn, 
H.MaTb cpeflHee ^Ha^eLe TsZT^l^ 
0.1 KOTopoe Moxcer KoppexTMpoBaTbcp no 
^""^^^.J: j:«6oPaTopHux McnbiraH^r 
40 n ° ^^•''■^•^^ S = (0.4-0.5) 4 = 1 .6-2 0 mm 
„w» ^"^ ""acTMMecKMx MarepManoB peKOMCH 

s^H^oT "^^^ 3Ha.eHrK::; 

rn-nl" ** ''vonpefle/iflioTCB c McnoflbaoBaHnei. 
BoparopHbixMcnuTaHMCl "^^^^STaM na- 



Po=1.35jr-o,(l2-o.25DoTe2) = 

50 - I'SS-^TT- 100(132-0.25 •102)««0t 
. Py- O.SJT -o,- Dore^" 
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- 0.5 -ar- 100 -lO^^iieT 
j.nHT8HMH oOpaauoB TMna "nofloca c oraep- 



-•«naoa 1440 c ra5apMTaMM 10 
60 250 <m: 0.™ -8 ° „„„ pa3»»M- 
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„„ac™-.3..oi» ae^opMauxe" °"S'e«y« 

«»°»"r^L"rZ^e» yc»™. - ('.2- 



„»0PM3U»» c P„ . (,,2- 

- -"-tr-Vs! X. PT TS'^. 

=p=^~vc»^--fry:^,r 

- npeAeii TeKyMec^ Marep^a^a flexan^: Dots 
anaMexp oTBepcTMJi. 

15 
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(54) METHOD OF PRODUCTION OF PARTS WITH HOLES 

(57) Use: The invention is classified under pressure treatment of load carrying structural elements with 
holes. The essence: An external limiting plunger and internal hardening plunger are used to form two 
concentric imprints of a different depth and cross-section shape in a part; imprints are located at certain 
distances fi-om each other with the selection of the order of pressing of these plungers in with a certain 
force; moreover removal of imprints, their depth and the force of pressing the plungers in are related 
by a formula claimed by authors and given in the description of the invention. 4 drawings. 



The invention is classified under pressure treatment of structural elements with holes. 

. The purpose of the invention is to increase the durability of load carrying structural elements by 
increasing time span of formation of a fatigue crack and its development to a critical size. 

Drawing 1 shows the location and geometric parameters of imprints in a design element; 
drawing 2 shows the distribution of stresses at the site of a hole that is being strengthened; drawing 3 
shows the sequence of operations; drawing 4 shows the finished strengthened hole. 

Location of imprints shown in drawing 1 leads to a decrease in the level of actual working 
tensile stresses due to the fact that residual compressive stresses Ores created by plastic strain envelop 
the zone of probable formation and development of a fatigue crack; interaction of the external imprint 
which limits deformation, with an internal strengthening imprint leads to an increase of the size of the 
zone with residual tensile stresses. 

Mechanism of redistribution of stresses is explained in drawing 2. Drawing 2 shows stress 
fields around an unfortified hole, residual tensile stresses after an imprint formation and a cumulative 
stress diagram in the zone of the strengthened hole with formation of an area, where working stresses 
are lower than nominal stresses. The existence of such an area results in slower crack grovrth speed in 
that area. 
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Drawing, 3 shows the sequence of imprint execution by means of the limiting plunger posit. 1 
with rigid power fixing and a circular projection embedded in the material being strengthened posit. 2. 
This sequence provides volumetric deformation of the material postit. 3 in the hole zone and around it 
when the strengthening plunger posit.3 is embedded. 

Setting up residual compressive stresses in conditions of volumetrically strained state of 
material leads to an increase in the actual yield limit of the material and allows for an increase in the 
level of residual compressive stresses to yield limit Gy in the whole zone, limited by the external 
circular imprint. At the same time, the possibility of starting technological cracks while making the 
internal strengthening imprint is eliminated. 

Dwg 4 shows a view of the strengthened hole after finishing. 

The method is accomplished as follows: 

Holes in a zone where it is advisable to conduct strengthening in order to increase their 
durability are experimentally determined or calculated. Holes are marked on design elements and 
pressing in is conducted with known methods. The limiting plunger is pressed in first, having a rigid 
power fixing at the end position, followed by the strengthening plunger. The center of the marked 
hole must be aligned with the axis of the plungers. 

The process of releasing of the detail after strengthening is accomplished in a reverse sequence. 

The following factors are considered in the removal of imprints: achieving a maximum level of 
residual compressive stresses in a peak zone of working stresses, by presence of a stress concentrator; 
distribution of a high level of residual compressive stresses in a zone of slow development of fatigue 
crack. 

The level of working stresses acting closest to the stress concentrator is characterized by a 
theoretical concentration coefficient (cto) determined by the foUov^ng ratio: 



Where Gmax and Qnom are the maximum and nominal stresses, respectively. 

Durability of the design element is also significantly influenced by a stress gradient describing 
the speed of working stresses decrease when moving farther firom the concentrator. 

Analysis of the magnitude and effective zone of increased tensions caused by a concentrator 
such as a hole shows that the magnitude of maximum tensions is (2.5-3) Onom, and the zone of their 
action is 1.5mm. 

Statistical analysis of the destruction kinetic diagram shows that the following ranges are 
acceptable when linear-bit approximation of the fimction of speed of crack growth is used. 



Ota = G max 



G 



nom 



mD3 at 



ODK/KcDO.35 



mD4.5 



0.356 DK/KcD 0.5 



mD9 



O.5DK/Kc0 1.O 
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Where m and c are material characteristics; 

m - parameter describing intensity of increase in development rate of cracks in changes. 
K - coefficient of stress intensity; 

K = a>/7?L 

Where L is crack half length; 
a - working stress. 

Considering that a period of crack development in the range of K/Kc= 0-0.5 makes 80-90% of 
the total duration of crack growth (DCG), there is no sense in forming a zone of residual compressive 
stresses, outside of this condition, e.g. distance (L) between imprints is determined at condition K = 0.5 
Kc. 

In order to simplify the calculation, the working spectrum is usually brought to the stress level 

G = 0.5a^ 

Where is the rated stress determined by taking into consideration the coefficient of notch 
sensitivity of the material (a). 

a=aBR/aB" 0.8- 1.0 

Analysis of fatigue curves shows that durability of unfortified parts and those strengthened by 
modem methods of plastic deformation is the same in condition 

Thus average effective level of stresses, acting in a strengthened zone amounts to 0.75-0.85 of 
nominal stresses level. 

Considering the above stated, we have the following: 

0.5Kc = 0.5 -0.8 -0.850 <tvL 

from which 

L=0.64KcVgb^ 
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Since the ratio Kc / ob is in the range of 3.0-4.5 in modem alloys, the dimension L is in a range 
of 6-14 mm. 

Calculations are experimentally confirmed, where the flat part of a fatigue zone of a 
break, which is typical for slow crack development, is 3-5 mm at each side of the hole for a 
model type "a strip with a hole" 36 mm in width and 6 mm Dhoie- That means fiiU dimension 
2L considering Uoie is 12-16 mm. Thus, final distance between imprints is recommended m a 
range L = (0.8-1.5) Dhole. 

■ The depth of a limiting imprint (h) is selected based on a requirement of a sufficient 
material constriction in a radial direction with simultaneous preservation of enough durability 
of a cross section, weakened by such an imprint. It is accepted in an interval (0.05-0.15)8, and 
a shape of a cross section is supposed to create the minimum stress concentration as, for 
example, in a conjugated radii. 

The depth and shape of a strengthening imprint is selected based on a condition of a 
maximum even displacement of the material in a radial direction. The depth is accepted in the 
range (0.3-0.5)8; the shape is cylindrical with a spherical end. 

The condition defining force, acting upon a limiting plunger consists of loading of an 
internal contact surface of that plunger, Umited by a circular projection, with stresses exceeding 
the limit of yield point (Oy) of the material being strengthened. Thus the yield point limit must 
be exceeded by 20-25% for the guaranteed preservation of the strengthened zone dimensions. 
This zone was formed by displacement of the material with the strengthening plunger, which, 
in turn, has to create stresses exceeding the above mentioned stresses by the analogous 
quantity, for its guaranteed penetration to a target depth. 

Therefore, forces acting upon the limiting and strengthening plungers are determined 
according to formulas: 

P, = (1.2 - 1.5) TCOy (L^ - 0.25 D\oie) 

Ps= (0.35- 0.6) TCOyD^ole 

Where L - distance between centers of imprints; 
Dhole - diameter of the hole. 

As an example, let us review the case of strengthening of a 10 mm hole in a panel 4 mm thick, 
madeoutofBT20. 

For material BT20, Oy is 85-100 kg/mml Ratios of imprints and force parameters are 
calculated using recommended formulas, where the following coefficients were used: 

L=1.3Dhoie=1.3 10=13mm 
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The coefficient 1.3 is selected based on the following: since the free end of a detail is distant 
enough from the hole that is being strengthened, this eliminates cracking of the detail cross piece and 
allows increasing the zone of residual compressive stresses, by increasing the value of the coefficient. 
It is not recommended that the maximum coefficient values be used for materials with high Oy, since 
this requires high forces acting upon the limiting plunger. 

g = 0.18 = 0.1 • 4 = 0.4 nmi 

In the first approximation, it is recommended that an average coefficient value of 0. 1 be used, 
which can be corrected in accordance with the results of laboratory testing. 

H = (0.4 - 0.5)S = (0.4 - 0.5)4 = 1.6-2.0 mm 

It is recommended that for plastic materials, higher values of the coefficients are used. 

Pi and Ps can be found using average values of the coefficient, which can be corrected 
according to the results of laboratory tests. 

Pi = 1.357C • ay (L^ - 0.25D\oie) = I.BStc • 100 (13^ - 0.25 • 10^) = 60T 

Ps= 0.571 • Oy • D\oie - 0.5 • 7C . 100 • 10^= 16T 

Effectiveness of plastic deformation for increasing durability of parts is confirmed by unit test 
results of models "a strip with a hole" type, made out of plates of alloy 1440 v^th dimensions 
10x60x250mm, Dhoie = 8mm. The test unit consisted of loads of seven different levels with a"^*max= 
32.3 kg/nmi^. 

Durability of models with imprints is 1.5 time longer than durability of models without 
imprints before destruction. 

Invention Formula 

Method of production of parts with holes including preliminary cold plate deformation of a hole 
forming zone with plungers and subsequent making of a hole, different in the following: 

For the purpose of increasing part service life, prior to plastic deformation, additional cold plastic 
deformation is performed with limiting plungers with applied force Pi = (1.2 - 1.5) 7i • ay - 
0,25D\oie) and obtaining circular imprints with depth h = (0.05 - 0.15)S with a distance L = (0.8 - 1.5) 
Dhole from the center of a hole, and plastic deformation of a hole zone is conducted without removing 
the force Pi with the application of a force Ps = (0.3 - 0.5) S, where S is the thickness of the detail; ay 
- yield limit of material of a part; Dhoic hole diameter. 
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